We have measured the activation volume of Zn in Pb to be 3.98 + 0.11 cm'/mole at 600 K and atmospheric pressure and have measured the temperature and pressure dependence of the saturation solubility of Zn in Pb. From the solubility measurements we find a volume of solution of 3.1~0,3 cm'/mole, which is not consistent with purely interstitial or purely substitutional solution. These results are compared to other impurity diffusion in Pb.
INTRODUCTION
There has been much interest recently in attempting to determine the mechanism by which the noble metals diffuse in Pb. These, and the metals grouped on either side of them in the periodic table, have been found to diffuse in Pb from one to five orders of magnitude more rapidly' ' than Pb self-diffusion. ' " It has been recognized for some time that the large diffusivities and small activation energies for these metals cannot be explained in terms of a vacancy diffusion mechanism. The measurements of Miller"" on the enhancement of Pb self-diffusion by Au, Ag, and Cd additions lend support to this conclusion. His results showed more enhancement than would be expected for an interstitial mechanism, but not nearly enough for a vacancy mechanism.
Originally, attempts to explain differences in diffusivities and to pin down diffusion mechanisms were based primarily on Expanding nG, about P=0, with AG, (0)=~, (0) -T&S, and a&G, /SP= &V, = V', -Vz"we get inc, (P) = r S,/R - [&H, (0) (evaluated at 600 K). For a given pressure, the activation volume is nearly independent of temperature decreasing form 0.224+ 0.007 molar volumes at 180'C to 0.212+ 0.006 at the melting point at atmospheric pressure. This change is not outside the error bars.
Solid solubility data for Zn in Pb were reported previously' at atmospheric pressure. Relative solid solubility data are shown in Fig. 5 for three isobars as a function of reciprocal temperature. These data were fitted by least-squares methods to Eq. Fig. 5 show the least-squares fit.
The eutectic temperature probably increases with pressure although it is not clear how to detect this temperature from diffusion measurements. If the eutectic composition is not altered by pressure then the difference between the eutectic and the melting temperature versus pressure will remain nearly constant and the eutectic will be at the point E in Fig. 5 on the 21.4-kbar line.
This would indicate a strong increase of the saturation solubility at the eutectic with pressure. We did not make diffusion measurements nearer the melting temperature because of the short times pectations although v0 appears to be rather small.
